Introduction
Climate play an important role in different aspect of national economy such as health, agriculture, tourism, and others, directly or indirectly. The role of weather and climate has been reported in health [3, 9, 8] , power generation [26, 13] , tourism [15] , tropospheric communication [11] and other sectors of the economy. However, the most directly affected sector of the economy is agriculture. Agriculture and agricultural practices in sub-saharan Africa depends on elements of climate such as rainfall and sunshine due to its location. Nigeria, like many other sub-saharan countries, has an agrarian economy. The agricultural sub-sector contributed about 20.24 − 48.57% to the Nigerian economy between 1981 and 2015.
(http://data.worldbank.org/indicator/NV.AGR.TOTL.ZS). In the first quarter of 2016, Agriculture contributes 23% to the national Gross Domestic Product (GDP) and employs 70% of the workforce with 85% involves in crop production. A significant change in climate will greatly affect agricultural output, sources of livelihood of many citizens and the Gross Domestic Product (GDP) of the country. Hence, weather and climate are important factors to consider in sub-saharan Africa whose economy depends heavily on agriculture and agriculture related outputs. It is important to study how the climate is changing over time to better prepare and mitigate its effect on our economy. As part of the Sustainable Development Goals, the United Nations is to "take urgent action to combat climate change and its impact" by taking steps such as "integrate climate change measures into national policies, strategies and planning".
Current adaptation methods by farmers such as changing planting times, improved farming practices or better crop species will not suffice if the rate of change is faster than speculated. There is currently no coordinated plan for mitigation of climate change effect by both the Federal and State Governments of Nigeria, except Lagos State. The response of Lagos State, Southwestern Nigeria to climate change includes: establishment of special purpose organizations such as Lagos State Waste Management Authority (LAWMA) and Lagos State Emergency Management Agency (LASEMA), improved sea wall protection, amongst others [7] . However, none of the stated and implemented initiatives will adequately address agricultural output in the State, as the environment is the focus of the current policy. A report by Burke et al. [5] indicated that several countries will have novel future climates similar to the climate of at least five other countries.
The expected future climate of Nigeria, according to the report, is posited to accommodate crops that are currently poorly represented in major genebanks. Thus, detailed study of how our climate is changing, what it is likely to change to and methods to adopt for seamless agricultural adaptation is essential at this time.
Due to different sources and length of data, computational methods and number of locations used, differing results have been reported by different researchers for rainfall trend over Nigeria. Adefolalu [1] observed that there is a decline in the amount of monthly rainfall which is more significant in the north with the central parts of the country exposed more to drought than other parts of the country. Out of twenty (20) locations investigated for rainfall trend in Nigeria, fifteen (15) showed increasing trend and five (5) showed decreasing trend while cycles of 1-2, 7-10 and 15 years were reported [4] . Oguntunde et al. [20] , using rainfall variability index, Mann-Kendall trend test, reported that 90% of the entire country show negative trend in rainfall amount with 22% of the locations showing significant trends. Dominant peaks with periods 2-3, 5-7, 10-15 and 30 yrs were reported and accounted for. A recent study by Fuwape et al. [12] , using deterministic chaos, suggests that rainfall is more predictable in the north than in the southern part of Nigeria. For a more informative research that can help farmers in the country, it is important to study other variables that affect planting, crop selection, harvest and other aspect of farming in addition to seasonal and annual rainfall amount.
One of the major determinants of suitable crops for a region is the length of the growing season (LGS) which is determined by the rain onset dates (ROD) and rain cessation dates (RCD). 'Growing season' can be defined as the period of the year during which rainfall distribution characteristics are suitable for crop germination, establishment, and full development [16] . Seeds require appropriate amount of rainfall and temperature for successful germination, hence, the timing of planting season is important for good planting season. Different definitions of ROD have been proposed for the West African region based on rainfall amount, Inter Tropical Discontinuity (ITD)-Rainfall, rainfall-evaporation relationship, wind-shear scheme, Theta-E method [18] . The use of rainfall amount for computation of rainfall onset and retreat is the most popular with various techniques developed based on it.
Onset and cessation of rainfall has been studied in different parts of the country. In a study by Oguntunde et al. [21] using thirty-two (32) stations over Nigeria, negative trends were reported in 34.4%, 31.2%, 50.0% for onset, cessation and length of growing seasons while positive trends were observed in 59.4%, 40.6%, 34.4% of the locations studied. The dependence of rainfall on upper atmosphere wind parameters led Omotosho [24] to develop an empirical model for long term prediction of onset and cessation of rainfall in the Sahelian climate based on wind shear direction in the troposphere. Using a simple water balance method, negative trends were reported for onset of rainfall in Northern Nigeria with no significant trends but statistically significant negative trend was observed for cessation and length of growing season for the same locations [22] . Thomson [28] Daily rainfall data for this study was obtained from the archives of the Nigerian Meteorological Agency 
Data Analysis

Computation of ROD, RCD, RAO and LGS
The onset and cessation of rainfall was computed by a rainfall based method proposed by Odekunle et al. [18] . The method is a direct method as it uses rainfall and uses rainfall data which is readily available in different regions of the country. Odekunle [16] defined the onset of rainfall as the period of the year in which 7 − 8% mean cumulative rainfall over a 5-day period is attained and the cessation of rainfall as the period of the year when 90% of the mean cumulative rainfall is attained. The mean annual rainfall over a 5-day period (y i = i+4 i r i ), where i = 1, 2, 3, · · · , n − 5, n is the number of days in the year and r is the rainfall amount. The percentage occurrence of y i in a year is then computed
The cumulative sum of x k is then calculated using the expression
The point that correspond to 7 − 8% and 90% on the graph x k against time for each year are the ROD and RCD respectively [17] . In this work, LGS is computed as the difference between ROD and RCD while RAO is defined as the amount of rainfall available at ROD.
Trend Analysis
The linear trend was computed using simple linear regression of the form y = ax + b, where x and y are the independent and dependent variable respectively, a and b are constants to be determined by minimizing the function
The slope of the straight line is an indication of the trend in the time series.
Mann-Kendall test is a popular test for trends in meteorological data sets as it does not assume normality of the time series. The Mann-Kendall test gives the direction but not the magnitude of the significant trends.
The Mann-Kendall test statistics S is based on the pair-wise comparison of each data points with all preceding data points.
where n is the length of the time series x 1 , · · · , x n , sgn(·) is a sign function while x j and x k are values in years. The variance of S is computed as:
where q is the number of tied groups and t p is the number of data values in the p th group [20, 23] . The test statistic Z obtained as:
If the trend of a time series is assumed to be linear and of the form f (t) = Qt + B, Sen slope (Q) can be estimated from the expression
where j > k. The Sen estimate of the slope is the median value of Q i [23] .
Hurst Exponent
The Hurst exponent can be used to determine whether a time series is random or not. The exponent shows persistence, anti-persistence [10] and predictability [19] in a time series. From Equation 8, Hurst
Exponent values between 0 and 0.5 shows anti-persistence which implies that increasing trend will likely be followed by decreasing trend and vice versa. Values of Hurst Exponent between 0.5 and 1, shows persistence, that is, increasing trend will be followed by increasing trend and vice versa [10] . Many algorithms have been proposed for the computation of Hurst Exponent, however in this work, the method of Detrended Fluctuation Analysis will be employed.
0.5, random walk; 0.5 < H < 1, persistence.
The method of Detrended Fluctuation Analysis was introduced by Peng et al. [27] . In this approach, the fluctuation F (t) of N segements of length τ of a time series is computed
where, Y m (t) is a local m-polynomial trend within the specified segment [19] . The Hurst exponent, H, is obtained from the expression
Spectral Analysis
Spectra analysis is used for the estimation of possible periodic cycles in a given time series. Atmospheric and climatic data show several periodicity such as the Quasi-Biennial Oscillation (2 -3 years), El-Nino Southern Oscillation (5 -7) years, Sunspot cycles (10-15 years) and Atlantic Multi-Decadal Oscillation (30 years) [20] . It is intuitive to investigate periodicity in the onset and cessation of rainfall for several reasons such as development of a model or investigation of coupling with other known cycles. The Lomb-Scargle periodogram which has shown great promise in detecting peaks in unevenly sampled time correlated data will be used in this study [6] . The Lomb-Scargle periodogram is given as
x and σ 2 are the mean and variance of the time series respectively, τ is a frequency based time delay given
Model development
In order to capture the periodic and linear trend a model of the form
where N (N = 5) is the total number of periods considered, t is the year, θ is the phase, T is the period determined using the Lomb-Scargle power spectral density estimate. In this work, θ was chosen as 1984 strictly for convenience. A i , B, C are constants to be determined by nonlinear curve fitting methods.
Results and Discussion
Linear Trend Analysis
The linear trends obtained for the onset, cessation, rainfall amount during the onset and length of the . These values are very close to that reported by Oguntunde et al. [21] using another method of computing the rainfall onset and retreat. The early ROD in the two southern locations could be attributed to the closeness to the Atlantic Ocean and prevailing Mangrove ecological zone of the area [12] . The RCD for each of the locations studied is shown in Figure 3 . The northern stations have earlier RCD than the southern stations, similar to the observation in ROD. Figure 4 shows the variation of the amount of rainfall available at the onset of rainfall in each of the locations studied. Maiduguri and Ibadan had unusually high rainfall amount at the onset of the 2007 raining season which did not reflect in the Gusau and Ikom stations.
Maiduguri and Ikom had the smallest in the highest volume of rainfall at the onset of rainfall among the four stations respectively. The dichotomy between the northern and southern climate was also reflected in the length of the growing season ( Figure 5 ). Ibadan which showed anti-persistence characteristics.
Periodic Trend Analysis
The Lomb-Scargle periodogram was used to estimate the first five (5) dominant frequencies for rainfall onset and cessation and the result presented in Table 3 
Model Development
Using 
Implication for Agriculture
From the result obtained using Linear trend, Mann-Kendall Test and Sen Slope, Maiduguri was found to have positive trend and slope in ROD, RCD, LCD and RAO. The LGS and RAO were found to be increasing at the rate of 0.06 days/year and 0.38 mm/year respectively. For example, the length of the growing season would have increased by 3 days and RAO by 19mm in the next fifty years. This implies that the location will have more rainfall at the onset of rainfall and a longer growing season in future. Hurst exponent values suggests that the trend in LGS will not always be continuous but an increasing trend will be followed by a decreasing trend while an increasing trend will always be experienced for RAO.
Results obtained from the three methods for LGS in Gusau were not consistent. Linear regression shows positive trend, Mann-Kendall show negative trend (albeit, insignificant) while Sen Slope shows zero slope.
However, positive trends were obtained for ROD, RCD and RAO in all the three methods. Sen slope obtained for ROD and RCD indicates that the planting season is changing at the same rate, i.e. both ROD and RCD will come later at the same rate. This implies that in the coming years, the planting season will be moving towards the raining season. Farmers in the region are advised to adopt crops that thrive in much rainfall. To avoid destruction of agricultural products during and after planting by excess rainfall, irrigation and post harvest strategies under heavy rainfall should be made and initiated.
Ibadan has been shown to have positive and negative trend for LGS and RAO respectively. This implies that the growing season will be increasing but the amount of rainfall at the onset of rainfall will be reducing.
The ROD and RCD will be coming earlier in the year than is currently obtained. All the changes will not be gradual, as suggested by the Hurst exponent values. The decreasing amount of rainfall could be due to the earlier ROD which pushes the onset of growing season into the late dry season at the rate of 0.35 days per year. Furthermore, the rainfall available at the onset of the growing season will be decreasing at the rate of 0.82 mm/year which implies that much water will not be available at the beginning of the raining season. To mitigate the effect of these expected changes on agriculture in the region, improved food crop varieties that can be grown twice a year under irrigation scheme and with little water requirements should be considered.
The LGS and RAO for Ikom both show decreasing trends. This implies that the growing season in the location will be decreasing with significant decreasing amount of rainfall at the beginning of the raining season at the highest rate among the four locations under consideration. As a coastal city, there will be loss of livelihood for fish-farmers due to expected drought. The following strategies are suggested for the location to mitigate the effect of climate change on their agricultural output and livelihood: preparation for dry season farming (crop and fish farming) with large scale irrigation scheme should be initiated, adopting drought resistant crops or crops which can germinate under minimal water requirements is necessary, and enhanced crops such as short-time growing tubers and grains should be adopted in light of reducing length of growing seasons.
Conclusion
This study investigated trends in ROD, RCD,LGS and RAO over four locations in Nigeria. The ROD and RCD were computed using the method of cumulative percentage mean rainfall. 
